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Abstract 
At present, the spark plugs are used to trigger the discharge in the pulsed plasma thruster (PPT), 
which has been known to be life-limiting component, due to plasma corrosion and carbon deposition. 
The strong electric field could be formed in cathode triple junction (CTJ) to achieve trigger function 
under vacuum condition. We propose an induction triggered electrode structure on the basis of CTJ 
trigger principle. The induction triggered electrode structure could increase the electric field strength 
of CTJ with the electrode voltage unchanged, contributing to the reduction of electrode breakdown 
voltage. Additionally, it can maintain the plasma generation effect when the breakdown voltage is 
reduced in the discharge experiments. The induction triggered electrode structure could ensure the 
trigger effectively when the ablation distance of Teflon increases, and the magnetic field produced 
by discharge current could further improve the plasma density and propagation velocity. The 
induction triggered coaxial PPT we propose has simplified trigger structure, and it is an effective 
attempt to optimize the micro-satellite thruster. 
Keywords: pulsed plasma thruster (PPT); cathode triple junction (CTJ); discharge characteristics, 
trigger structure. 
 
1 Induction 
The pulsed plasma thruster (PPT) is one of the most popular thrusters applied in the field 
of micro-satellites. PPT mainly uses the ablation of Teflon propellant to generate plasma, to 
achieve the thrust effect [1-4]. The PPT employed in micro-satellites is usually equipped with 
spark plug. The high voltage is applied to the electrodes and the spark plug is used to initiate 
discharge by providing a large supply of free electrons to start an avalanche in the discharge 
gap between the electrodes [5-8]. The operation of spark plug needs an independent power 
supply, thus increasing the volume, mass and the structural complexity of thruster. 
Meanwhile, spark plugs have been known to be life-limiting component of the thruster due to 
carbon deposition and erosion [9]. The cathode cannot fully contact with the Teflon in coaxial 
PPT, and the important role of cathode triple junction (CTJ) is presented in the small gap. 
According to the theory of vacuum surface discharge, when the voltage is applied between the 
cathode and anode, the potential line will distribute abnormally, forming the strong electric 
field region, and leading to surface discharge [10-12]. The CTJ trigger method was used in our 
previous experimental research of ablative PPT [13]. While, the CTJ trigger method requires 
high breakdown voltage, which will increase the design difficulty of PPT power. The surface 
discharge in coaxial PPT shows a diffuse arc, and there is no filamentary discharge current with 
high current density. Based on the discharge characteristic of coaxial PPT, we propose an 
induction triggered electrode structure. In the induction triggered electrode structure, a 
potential floating induction electrode is set in Teflon sleeve. The induction electrode is arranged 
in the inner space of Teflon sleeve near the cathode position, in close contact with the Teflon 
sleeve surface. We aim at increasing the electric field strength in CTJ through induction 
electrode, reducing the breakdown voltage of electrode, and improving the discharge effect of 
coaxial PPT. 
 
2 Experimental Setup 
2.1 Discharge circuit and measurement system 
Figure 1 shows the discharge circuit and measurement system. The power of negative 
impulse voltage is employed. We applied the negative impulse voltage to the cathode and the 
anode is grounded. The vacuum chamber can be pumped down to the pressure of 10-4 Pa by a 
combination of mechanical pump and oil pump [14]. The high voltage probe is used to 
investigate the breakdown voltage of electrode, and the discharge current is acquired through 
the resistance in series with the discharge circuit. To characterize the plasma, the improved 
Langmuir probe method is adopted. The Langmuir probe is cylindrical with radius of 0.5 
mm and height of 5 mm. The specific procedures are as follows: one Langmuir probe is placed 
behind the anode and kept 150 mm away from the electrode. During the discharge, the plasma 
propagates along the axial direction and the electron current waveform is recorded when the 
plasma pass through the probe. To eliminate the measure error, the mean value of 10 times 
discharge electron current is adopted as the electron current under certain probe voltage. The 
V-I characteristics curve of electron current could be drawn by altering the probe voltage. The 
plasma parameters, such as plasma density, could be calculated from the curve [13]. The second 
probe was set in the direction of away from the electrode, and the distance with the first probe 
is 20 mm. The plasma propagation velocity could be determined through the electron current 
waveform of the two probes. 
 
Figure 1. Experimental setup with the measurement system 
2.2 The induction triggered electrode model 
The induction triggered coaxial PPT laboratory model designed in the experiment and its 
parameters are shown in Figure 2. The Teflon sleeve is used in laboratory model as propellant, 
which internal diameter is 5 mm and external diameter is 10 mm. A cylindrical metal cathode 
is placed in the Teflon sleeve and in closely contact with the inner surface. The ring-shaped 
metal anode is fixed on the outer end of the Teflon sleeve. The induction electrode is in the 
shape of a cross, which consists of two metal bars intersecting with each other. The metal bar 
is 0.4 mm in diameter, and both ends point against Teflon sleeve inner surface. The distance 
between the induction electrode and the cathode is 1 mm. The cathode, anode and the induction 
electrode are made of stainless steel material. 
 (a) Electrode structure model 
 
 (b) Electrode parameters 
Figure 2. Structure diagram of the induction triggered coaxial PPT laboratory model 
3 Analysis of the discharge characteristic of induction triggered electrode 
3.1 The electric field distribution characteristic of induction triggered electrode structure 
The simulation of electric field distribution in the coaxial PPT laboratory model with and 
without induction electrode was performed by Ansys Maxwell 3D software (the 2015 
edition). The electric field strength distribution of axial section of coaxial electrode structure 
are shown in Figure 3, when -15 kV is applied to the cathode, the anode kept grounded and 
induction electrode suspended. The simulation results indicate that the electric field strength 
of CTJ exhibits a maximum, and the maximum of electric field strength with induction 
electrode is about 2 times of that without induction electrode. 
 
(a) Without induction electrode 
 (b) With induction electrode 
Figure 3. The electric field distribution of coaxial electrode structure 
 
  
Figure 4. Electric field strength distribution with line along inner surface of Teflon 
sleeve 
The electric field distribution on the inner surface of Teflon sleeve is analyzed. The 
electric field strength with line along the upper inner surface of Teflon sleeve is shown in Figure 
4. It is concluded from the simulation results that the electric field strength on Teflon sleeve 
inner surface presents an irregular distribution. The electric field strength in the area between 
induction electrode and cathode is much higher than that without induction electrode. 
Furthermore, the electric field strength in the area between the induction electrode and the 
anode is about the same in both situations. As a result, the induction electrode could enhance 
the maximum electric field strength of CTJ as well as the entire electric field distribution over 
the inner surface of Teflon sleeve when the applied voltage is unchanged.  
 
3.2 The discharge effect of induction triggered electrode 
The discharge experiment is carried out to verify the actual effect of coaxial PPT with 
induction electrode. The distance between cathode and the outlet of Teflon sleeve is 10 mm, 
which means the axial ablation distance is 10 mm. Figure 5 shows that the breakdown voltage 
of coaxial PPT with induction electrode is about 10 kV, which is 66% of the breakdown voltage 
without induction electrode. However, the maximal value and duration time of discharge 
current in both cases keep unchanged. The simulation on induction triggered electrode is 
performed when -10 kV voltage is applied to the cathode. The maximum electric field of 
7.01×106 V/m correlated with the experiment results. 
   
(a) Without induction electrode 
  
(b) With induction electrode 
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Figure 5. The breakdown voltage and discharge current waveform with and without 
induction electrode 
3.3 The plasma generation characteristics of induction triggered coaxial PPT model 
The improved Langmuir probe method is employed in the measurement of plasma 
parameters on coaxial PPT with and without induction electrode. The discharge of coaxial PPT 
is single pulse process, and the electron current will alter when plasma move through the 
probe. The electron current waveforms of both electrode model with probe voltage of 0 V are 
shown in Figure 6. Which characters by the peak value and the duration time. The peak 
value of electron current waveform is taken as electron current to calculate. The discharge 
is repeated for ten times and the mean peak value is obtained as the electron current in 
certain probe voltage. As described in section 2.1, the plasma propagation velocity can be 
calculated through the time elapsed between the electron current waveform peak values of 
both probes. The plasma parameters for both coaxial electrode structures are listed in Table 
1. 
 
(a) Without induction electrode 
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    (b) With induction electrode 
Figure 6. Discharge current waveform and electron current waveforms with probe 
voltage of 0 V 
Table 1. Plasma parameters with and without induction electrode 
Electrode 
trigger method 
Breakdown 
voltage  
（kV） 
Discharge 
current (A) 
Space 
potential    
（V） 
LP 
Saturation 
electron 
current
（mA） 
Plasma 
density 
（m-3） 
propagatio
n velocity 
(km/s) 
Without 
induction 
electrode 
About 15 301 17.2 209 8.57×1016 13.70 
With induction 
electrode 
About 10 300 16.1 200 7.98×1016 14.15 
From Table 1, we found that the discharge current of coaxial PPT model with induction 
electrode remained unchanged when breakdown voltage was reduced. The plasma density of 
coaxial PPT model with induction electrode decreased slightly, while the plasma propagation 
velocity increased in a small amount. It can be inferred that the discharge current and plasma 
generation parameter are related to the Teflon sleeve ablation distance. Furthermore, the 
induction electrode could reduce the breakdown voltage effectively with the plasma generation 
parameter unchanged. 
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 4 Optimization of induction triggered coaxial PPT model 
4.1 The ablation distance with induction electrode 
The correlation of plasma generation characteristics and Teflon ablation distance is 
investigated in this section. In the coaxial PPT laboratory model designed in the experiment, 
the increment in the distance between the cathode and the sleeve outlet can increase the axial 
ablation distance of Teflon. It can be seen in Figure 7. Whereas, it also reduces the electric 
field strength of CTJ, which made it more difficult to trigger the electric discharge. When 
the distance between cathode and outlet is 15 mm, the discharge hardly happens below 20 kV 
voltage without induction electrode. The experiment of induction triggered electrode is 
performed with the distance of cathode and outlet is 7.5, 10, 12.5 and15 mm. The distance of 
cathode and induction electrode is 1 mm. The plasma generation parameters with different 
ablation distance are list in Table 2. 
 
Figure 7. Induction triggered coaxial PPT laboratory model with different ablation 
distance 
Table 2. Plasma parameters with different axial ablation distance 
Axial ablation 
distance 
Breakdown 
voltage  
（kV） 
Discharge 
current  
（A） 
Space 
potential   
（V） 
LP 
Saturation 
electron 
current
（mA） 
Plasma 
density 
（m-3） 
propagation 
velocity 
(km/s) 
7.5 mm About 9.5 280 15.5 155 7.25×1016 12.57 
10 mm About 10 300 16.1 200 7.98×1016 14.15 
12.5 mm About 14 400 21 205 9.97×1016 15.53 
15 mm About 16 450 24.4 315 1.03×1017 16.39 
From Table 2, we found that the discharge triggers at about 16 kV with the induction 
electrode when axial ablation distance was 15 mm. The discharge current evidently increases 
when compared to that at the ablation distance of 10 mm. The plasma was generated by the 
process of ablation and ionization of Teflon. The increase of discharge current enhances the 
ablation effect of Teflon propellant, along with the prolonged ablation distance, which made 
the plasma density to increase. Under the combined action of electric and magnetic field, the 
Lorentz force accelerates the particles [15]. Meanwhile, the pressure inside the Teflon sleeve 
increases because a large amount of particles are ablated from Teflon, and the pressure 
outside the Teflon remains relatively low. The generated particles will be accelerated by the 
force due to the pressure difference [15]. The enhancement of ablation effect will raise the 
pressure inside the Teflon sleeve further, making the acceleration effect to increase. On the 
basis of the acceleration mechanisms mentioned before, the plasma propagation velocity 
increases. 
It can be concluded that the induction electrode could reduce the breakdown voltage of 
coaxial PPT model to effectively make the ablation distance be prolonged. And it will improve 
the ablation area of Teflon sleeve and increase the plasma density and propagation velocity. 
 
4.2 The spiral coil 
The particles generated by ablation of Teflon will compact with the inner surface of 
Teflon sleeve in the process of propagation, which will cause the loss of charged particles 
and influence the propagation velocity of plasma. The loss of particles on the inner surface 
can be reduced by applying axial magnetic field in coaxial PPT model. We propose a method 
of generating magnetic field to confine the ablated Teflon plasma. The confining magnetic 
field is produced by discharge current and doesn’t need extra power supply. As is shown in 
Figure 8, the anode is connected to the spiral coil. The negative pulse voltage is applied to 
cathode and anode is grounded. The discharge current flows through the coil and generates a 
magnetic field in the Teflon sleeve during the electric discharge process. 
 Figure 8. Induction triggered coaxial PPT laboratory model with spiral coil 
The plasma confinement effect of spiral coil with ablation distance of 10 mm is verified. 
The plasma parameters with and without spiral coil are shown in Table 3. It could be concluded 
from Table 3 that the discharge current increases when coaxial PPT model was equipped with 
the spiral coil. In addition, the coaxial PPT model with spiral coil exhibits much higher 
plasma densities and propagation velocity. The results show that the magnetic confinement 
using the discharge current can constrain the radial diffusion of the plasma and increase its 
density. The plasma confinement can also reduce the energy losses of the plasma on the 
Teflon sleeve inner surface and increase the plasma propagation velocity. 
Table 3. Plasma parameters with and without spiral coil 
Magnetic 
confinement 
Breakdown 
voltage  
（kV） 
Discharge 
current (A) 
Space 
potential    
（V） 
LP 
Saturation 
electron 
current
（mA） 
Plasma 
density 
（m-3） 
propagation 
velocity 
(km/s) 
Without  
magnetic 
confinement 
About 10 300 16.1 200 7.98×1016 14.15 
With 
magnetic 
confinement 
About 10 345 17.4 362 1.45×1017 27.03 
5 Conclusion 
We propose an induction trigger electrode coaxial PPT laboratory model in the research 
based on the vacuum discharge theory of CTJ. The induction triggered coaxial PPT model is 
simple in structure and does not require additional power supply circuit. It can solve the 
problem of high trigger voltage of CTJ and ensure the good discharge effect. The main 
conclusions are as follows: 
1． The electric field analysis proves that the induction electrode can significantly 
increase the electric field strength of CTJ in coaxial electrode, holding the overall 
field strength on the inner surface of Teflon sleeve unchanged. The electric discharge 
experiments of coaxial electrode show that the induction electrode has a significant 
effect of reducing the discharge voltage. 
2． The induction electrode can keep the lower discharge voltage when the relative 
distance of electrodes increases, which can ensure the prolonged ablation distance of 
the Teflon sleeve, improve the density and propagation velocity of the plasma. 
3． The spiral coil proposed in the study generates a magnetic field using the discharge 
current. Its application in coaxial PPT can significantly increase the plasma density 
and propagation speed, and further provide the possibility to improve the thrust 
efficiency for coaxial PPT. 
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